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Ockham’s Razor 


"Pluralitas non est ponenda 
sine neccesitate" 



Circa 1288-1348 


JOC/EFR © February 2005 

http://www-history.mcs.st-andrews.ac.uk/Mathematicians/Ockham.html 


NEEDS (neccesitate) 

WANTS (Pluralitas) 

•Air 

•A/C 

•Water 

•SUV 

•Food 

•Jet Ski 

•Minimal Shelter/Clothing 

•Designer Clothing 

•Medical Care 

•Boat/Yacht 

•Love 

•Video Camera 
•Gourmet Foods 
•Swimming Pools 
•Sporting Goods 
•Stereos 
•Plastic Surgery 
•Bungee Jumping 
•Vacations 

•Opulent Home(s) 

• 

• etc. 


etc. 
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Electrostatic Field Changes Produced by Florida Lightning 

EUZAMSIS A. 3 ACCWOK AND E. pHH.Tr Enm 
Institute ef Ai m e iy h t r k fkfrio, Ttt U mmily tjAritm, Tacit* tSTU 
(Uumto^i Motived tO Juat 1975, to rt.iaiJ ferae IS September }W5) 


The tiectrictl behavim of fandentuvs tritgtnd by toed bestial end M*-bne*a umv o p cace, * lew 
p tenure dtewbeoce, ssd a weal ftmtal paenge bet bees «tut£od at tie NASA Kennedy Space Center, 
IWd«- A etnllnter ieaat-eqnant niaimitUlot procedure her hen developed to describe dilate* is the 
cool electroetuk field predated by bghtafccte term of point ctetjtaoddsfc* the elood then* dhtritoi- 
titat. Tic milt* cf til* saafyti* indicate that discharge* to intsat anally oenoalije cloud charge* in tie 
nsytbwn -10 to -46 C-lhacottpstad charge altitndMter Raida an somewhat higher than fotatbn 
potrapbiol taxation*, t to 9.$ bin, but toe correepoodiot troUtsl tit tnopermow, —10 to — J**C, to 
■imfla t. A large fraction of tie <&cb*rg<* to ground ikn tool field change which t« email of even ra- 
vened to polarity within 3 km of th* titabatga. An analysis of lhae cases snggeM* Oat ground iStdauga 
efatt nmtnSse a small posithe duifq C3 to f C at aitiiiide* pf I to 3 bra, in addition to the large negative 
charge higher to 0* dead. 


L Introduction 

The NASA Kennedy Specs Center (KSC) has con- 
structed tod a currently operating » Juge network of 
ground-based electric field milk, in order to identify 
clouds which might he an electrical hazard to space 
vehicles prior to and daring launch. These instruments 
have been installed te minimize the chance of lightning 
disturbances such as those which occurred during the 
launch of Apollo 12 (Krider ef < 1974). The KSC 
network represents « unique facility for the study of 
lightning end thunderstorm* not only because of its 
site and the quality of its data acquisition system, hut 
also because it is located in Florida, a region of high 
thunderstorm frequency which has received little previ- 
ous study. Ia this paper, we present and analyse 
typical electric fields produced by thunderstorms and 
lightning at KSC Data were obtained during two 
swans to 1973 uaing a single field mill and for a number 
of storm* in 1974 using 21 instruments. 

2. tastrsmsatttion 

A w**p showing the locations of tbe field mill sites 
at KSC is given in Kg. 1. Each field mill contains 
tight vmseally oriented stator leetora which are alter- 
nately covered and uncovered by a grounded rotor 
toning at 1800 rpm. The differentia) voltage between 
the covered and uncovered staton is filtered to rtmove 
high-frequency components, amplified, and rectified 
using a avDcbronou* sample and hold aroint. Tbe re- 
sulting signal is passed through a low-pass filter with 
a (XI s time Constant to remove ac component* and 


provides both tbe amplitude and polarity of the ex- 
ternal dectric field. The 0-1 1 time constant is too slow 
to rime-resolve individual return strokes in discharges 
te ground, but is more than adequate to resolve an 
entire flash. The analog output of each field mill is 
transmitted to a central receiving station, where it is 
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1 -Charge Model (4 parameters) 
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An Analysis of the Charge Structure of Lightning Discharges to Ground \} 

Paw. R. Krehbiel, Marx Brook, and Roy A. McCrory 1 

New Mexico hulimle a! Mtmrg and 7 tdmology, Socorro. New Mexico X7 SOi 

Sources of durje for ibe individual strokes of four muItipiMtrake flash® to (round h*vc been 
determined, using mexiuremenU of tie ekctmsutic field change obuioed at rigbi location, on tie (round 
beneath the Sunn. The mulling charge lacatiOM have been compared to J-cm radar meuuretnena of 
precipitation structure in the atom. The field changes of individual moke* were found to be reasonably 
continent with the lowering to (round of a localized or tpiuiicajiy symmetric charge in the cloud. The 
centers of charge for nieccasive strokm of each flash developed over large horizontal distances within the 
cloud, up to 8 km. at more or less constant elevation between the -9* and -I7*C environmental (dear 
air) temperature levels. Companion with the radar measurements has shown that the discharges devel- 
oped through the lull horizontal extent of the precipitating region of the storm and appeared to be 
bounded within this extent In one instance whore cetkilir structure of the storm was apparent, the strobes 
selectively discharged regions where the precipitation echo was the strongest Vertical sued of the stroke 
charge locations was small in comparison with the vertical extent or the storm. The field changes in the 
intervals between strokes have been found to exhibit many of the features which Melon and Schoalmd 
used to infer that ground flashes discharge a nearly vertical column of charge in the daud. This and other 
evidence is used to show that their observations, which were made at a tingle station, could instead have 
been of horizontally developing docharges, The interstroke Add changes have been analyzed using a point 
dipole model and found to correspond to predominantly horizontal charge motion that was closely 
associated with the ground stroke sources for the flashes. The intemroke activity served effectively to 
transport negative charge in the direction or earlier stroke volumes ead often persisted in the vicinity of an 
earlier stroke volume, while subsequent strokes discharged more distant regions of the cloud Long- 
daration field changes that sometimes preceded the first stroke of a flash have been analyzed and found to 
correspond to a series of vertical and horizontal breakdown events within the cloud, prior to development 
of a leader to ground. These events were associated in part with the negative charge region that became 
the source of the lint stroke and effectively transported negative charge away from the first stroke charge 
volume and from the charge volumes of subsequent strokes. Several continuing current discharges were 
found also to progress horizontally within the cloud end sustained current, in the range of 5 SO A to less 
than 50 A. The continuing current field changes were consistently better fitted by the mo no pole charge 
model than the field changes of discrete strokes within the same flash. 


1. INTRODUCTION 

Wilson (1916) first suggested that simultaneous measure- 
ments ‘at a sufficiently large number of points' of the elec- 
trostatic field change caused by lightning could be used to 
obtain a measure of the discharge, and be proceeded to specify 
the equations relating the field change at the ground to she 
height and distance of simple one- and two-point charge mod- 
els. Although it was not feasible for him to make such mea- 
surements, he approximated them in this and a later study 
(H'lba r. 1920] by measuring the electric field change as a 
function of distance from various lightning discharges. Prom 
this he was able to obtain estimates of the average electric 
moment destroyed by a lightning flash and of the height and 
magnitude of the charged) involved. 

The first multiple-station lightning study was conducted in 
New Mexico by Workman el al. [1942], who made time-re- 
solved measurements of the electric field change caused by 
lightning at eight stations over an area 6 lent in diameter. The 
data were used to compute center of charge locations for the 
individual strokes of discharges to ground and for complete 
in tract olid discharges. Both the negative and positive charges 
were found to He within a limited range of ambient cloud 
temperature, between - 5* and -2S“C, and were distributed 
horizontally within the storm. Evidence of cellular electric 
structure was identified which followed the motion of the 
storm and was associated with rain sheets below cloud base. 

1 Now at US. Environmental Protection Agency. Environmental 
Monitoring Systems Laboratory. Las Vegas. Nevada (9114. 

Copyright ® 1979 by the American Geophysical Union. 


Correspondence with simple point charge models was ob- 
tained for about half of the discharges studied. Later Reynolds 
and Ned! f 1955] repeated the study of Workman et ah with 
improved instrumentation, using 1 1 field measuring stations 
over an area 10 km in diameter. Unfortunately, rain effects 
and saturation of the instruments limited their ability to ana- 
lyze data recorded from storms over the stations. Discharges 
which they were able to study gave results similar to those 
found by Workman et al., except that imradoud discharges 
were found to be oriented more vertically than those in the 
earlier study, and evidence of a possible lower positive charge 
was inferred. 

Other multistation lightning studies have utilized time-re- 
solved measurements of the electric field change at less than 
four locations to investigate the relative locations of charge, 
involved in successive strokes of discharges to ground [Hock- 
log. 1954; Takaai. 1966; Ogawa and Brook. I969J or hive 
utilized total field change measurements to determine charge 
locations for flashes as a whole, primarily of ground discharges 
( Workman and Holier, 1942; Bernard. 1951; Tamara. 1958; 
Hotakeyama. ]9S8; Jacobson teed Kridtr, 1976], The Wtw 
Studies, made at widely different geographical locations, fM& 
the lightning charges to be located in a temperature regime 
similar to that found in New Meaico. 

In the present paper we report results of lightning ele#"* 
field measurements made at right locations on the ground 
beneath a thunderstorm. The measurements were of suflfcrenj 
accuracy and time resolution to allow the charge sourem 
Individual strokes of ground discharges to be located *®° 
hence the charge ‘structure’ of the flash to be determined- A 
the same time, high-resolution radar measurements of the pro - 
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4-Station Solution (Krehbiel et al., 1979) 
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Overdetermined Fixed Matrix (OFM) Approach 
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4-Station vs. OFM 
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2-Charge Model (8 Parameters) 
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DR Model (2 Charges but 4 Parameters!) 





DR Chi-Squared 


1 yi (Z> (a t ) - A E t ) 2 
m - of 

a, = (x, y, z, Q) 






Z (km) 





LDAR-Constrained Charge Solutions 





STROKE (STortn Retrievals frOm KSC E-fields) VERSION A.l: William Koshak/NASA-MSFC 2006 
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